HP 1009 053 



Paqel of 9 



(19) 



J 



(12) 



EuropSlsches Patentamt 
European Paftent Offflca 
Ofllcaeuroptoides brevets (11) EP 1 009 051 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) \ntoJ: H01M8/02 


140M000 Bulletin 2000/24 


(21) Application nunnber:9911525a5 




(22) Data of fifing: Q2.0a.1999 




(84) Desfgnated Contracting States: 


(72) Inventor: FUss, Robert Lee 


ATBECHCYDE DKESH FRGBGRIE ITULU 


Spencerport, New York 14559 (US) 


MCNLPT8E 




Designated Extension States: 


(74) Representative: 


ALLTLVIMKROSI 


Manitz, Rnstenirald & Partner 




Postfach221611 


(30) Priority: 0ai2.1998 US 207749 


80508 MQnchen(DE) 


(71) Applicant: 




GENERAL MOTORS CORPORAnON 




Detroit Michigan 48202 (US) 





(54) Uquld cooled bipolar plate consisting of glued plates for REM fuel cells 

(57) A liquid cooled bipolar plate for a PEM fuel ceil 
conrqarising first and second corrosion*resistant sheets 
glued to each other by means of an electrically-oonduc- 
tive adhesive comprising corrosion-resistant conductive 
partides dispersed throughout a polymeric matrix and 
having a resistivity no greater than about 1 ohm-om. 




in 
o 

o> 
o 
o 



Ui 



PrlntBtf by Xsna (Uig BuBhsaa Sintoa 
2.tB.7(HRSIA6 



EP1 009051 A2 



Description 

[0001] The Government of the United States of America has rights in this invention pursuant to Contract Numb r 
DE<AC02-90CH10435 avvarded by the United States Department of Energy. 

TECHNICAL FIELD 

[0002] TMs invention relates to PEM fuel ceD stacks, and more particularly to bipolar plates for separating one cell 
from the next In sudi stacte. 

BACKGROUND OF THE INVENTION 

[00031 PEM fi.a. proton exchange membrane) cells ere well Iviown in the art and include In each cell thereof a so- 
called "membrane-electrode-assembly* (hereafter MEA) comprising a thin, proton-conduc&ve, polymer, membrane- 
electrolyte having an anode electrode film formed on one face thereof and a cathode dectrode film Ibnnrted on the oppo- 
site face thereof. Such membrane-etectrotytes are well known in the art and are described in such US. Patents as 
5.272,017 and 3,134,697. as v/e!l as in the Journal of Power Sources. Volume 29 (1990) pages 367-387. inter alia. In 
general, such membrane-electrolytes are made from ion exchange resins, and typically comprise a perf lourinated sul- 
fonic acid polymer su(^ as NAFION^ available from the E.I. DuPOnt The anode and cathode films, on the other hand, 
tn»cally comprise (1] finely divided carbon partides, very finely divided catalytic particles eipported on ttie internal and 
external surfaces of the caibon particles, and proton-conductive material (e,g.. NAFIOfyl™) intemiingled with the cata- 
lytic and cartoon particles, or (2) catalytic particles dispersed throughout a polytMluroelhylene (PTFE) binder. One 
such membrane-electrode-essembly and fuel ceD is described in U.S. P&tents.272.017i8sued December 21. 1993 and. 
assigned to the assignee of the present invention. 

[0004] The MEA for each cell is sandwiched between a pair of electrically conductive elements which senra as cur- 
rent collectors for the anode/cathode. The elements typically contain an array of grooves in the feces thereof for distrib- 
uting the fuel cell's gaseous reactants (e.g.. H2 and Og/air) over the surfaces of the respective anode and cathoda In a 
fuel cell stacK a plurality of the cells are stacked together In electrical series while being separated one from the next 
by an inpermecible. electrically conductive, bipolar plate. The bipolar plate serves as an electrically conductive separa- 
tor element between two adjacent cells, and (1) typically has reactant gas distributing grooves on botii external feces 
thereof. (2) conducts electrical cun^em b^een the anode of one cell and the cathode of the next adjacent cell in the 
stacK and (3) has internal passages therein through which coolant flows to remove heat from the stack. 
[0005] The PEM fuel ceD environment is highly con^osivei and accordingly, the bipolar plates and the materials used 
to assemble tiiem must be both conrosion resistant and electrically conductive. Bipolar plates are often fabricated from 
graphite which is Hghtweight. conosion resistant and electrically oonductivB in the PEM fuel ceO environment. Bipolar 
plates have also been made from sheets of corroskxi-resistant metal, or from sheets of conroslonrsusceptible metals 
(ag. AQ which have been provided (e.g.. coated or clad) with a conoeion-resistant outer layer. Particulariy effective cor- 
rosion-resistant metals include Ti, Cr. stainless steel, inter alia. 

[0006] Metal bipolar plates have been assembled by clamping the individual plates tightly together and Ijy brazing 
(Le.. witti metal plates). The present invention is a sinpler. less costiy alternative to clamping and brazing that can be 
used with all types of bipolar plate materials, not just metals. 

SUMMARY OF THE INVENTION 

10007] The present invention contemplates making a bipolar plate for a PEM fuel cell by gluing a pair of cont)sion- 
reslstant, electrically conductive sheets together (i.e., directiy to each other, or via an intennediate sheet) with an elec- 
trically conductive adhesive comprising a plurality of corrosion resistant, conductive particles (i.e.. about 10^ microns) 
dispersed ttiroughout a polymeric matrix and having a resistivity no greater than about one (1) ohm-cm. Preferably, the 
conductive particles are selected from the group consisting of silver, gold, nickel, platinum, titanium, graphite, carbon, 
nickel plated graphite and nkM plated 'caibon. and comprise about 20% to about 40%. by volume, of the adhesive. The 
polymer nntrix is preferably selected from the group consisting of epoxies. urethanes. aoyics, phenolics. smcones, pol* 
yvinal acetate, ecetal and other suitable thermoplastics and thermosets. 

[0008] More specifically, the present invention relates to a liqukj-cooled, bipolar plate (1) for separating adjacent 
cells of a PEM fuel cell stack, (2) for conducting electric current between adjacent cells of the stack and (3) fbr cooling 
ttie stack. The plate may also serve to distribute and alr/02 to the cells. In one embodiment, the plate comprises a 
first electrically conductive corrosion-resistant sheet having (1) an external anodes»nfronting face iriduding a plurality 
of lands defining a plurality of grooves fbr distributing hydrogen to the first cell, and (2) an internal first heat exchange 
fece in^e the plate fbr contacting a liquki coolam flowing through the plata. The plate further comprises e second. 
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electrically conductive corroston*resistant sheet having (1) an external cathode-confronting face comprising a plurality 
of lands def ining a pluraTrty of grooves tor distributing air/oxygen to the second celL and (2) an internal second heat 
exchange facB Inside the plate Ibr contacting the coolant flowing through the piata The heat exchange toes of the f irst 
and second sheet (1) confront each other so as to define therebetvraen a coolant flow passage adapted to receive a 
liquid coolant, and (2) are electrically coupled to each other at a plurality of joints via the electricaDy-conductive adhe- 
sive descrit>ed atxsva While the first and seoond sheets may be glued directly to each other, they may alternatively be 
glued to a discrete intermediate, separator conductive sheet that partitions the coolant flow passage The intermediate 
separator sheet may be perforated so as to perrnt coolant to move between the smaller coolant flow passages. The 
separator sheet may be corrugated to provide a plurality of coolant channels In the coolant flow passage, or may be a 
flat sheet joined to first and second outer sheets which each have a plurality of coolant flow channels formed therein, 
as for example by corrugating the outer sheets. The corrosion-resistant sheets will preferably comprise corrosion- 
proofed aluminum (ag.. Ti-clad alunrtinum). conductive plastic, and corroston-restetant metals such as titanium, silver, 
gold, platinum, stainless steel, nickel, chromium, or alloys thereof, etc Afl mutually contacting sites of the exterior 
sheets (and interior separator sheet when used) are glued together to insure that the coolant passage is completely 
sealed against coolant leakage and to provide low resistance electrical conduction between adjacent cells. The eleclri- 
cally conductive adhesive also serves as a conductive filler fbr fitting any gaps between the sheets resulting from irreg- 
darltieslnthesheeta 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention wiO better be understood when considered in the light of the following detailed description of 
certain specific entbodfments thereof which is given hereafter In conjunction with the several figures In which: 

Figure 1 is a schematic isometric, exploded illustration of a liquid-cooled PEM fuel cell stack; 

Figure 2A is an isometric, exploded view of a bqaolar plate usehjl wHh PEM fuel call stacta tike that illustrated in 

Figure 1; 

Rgure 2B is a section view in the direction 2B-2B of Figure 2A: 
Rgure 2C is a magnified, broken away view 2C of Figure 2A; 
Figure 3 is a sectioned view In the cBrection 3-3 of Figure 2A: 
Figure 4 is a magnified portion of the bipolar plate of Figure 3; 

Figure 5 is a view like that of Figure 4. but of a different embodiment of tiie present invention; and 
Figure 6 is a view tike that of Hgure 3. but of stiO another embodiment of the present invention. 

DETAIl^D DESCRIPTION OF THE INVENTION 

I001Q] Rgure 1 depicts a tNo cell, bipolar PEM fuel cell stack having a pair of membrane-electrode-assemblles 
(MEAs) 4 and 6 separated from each ottier by an electrically conductive, liquid-cooled, bipolar plate 8. The MEAs 4 and 
6. and bipolar plate 8, are stacked together between stainless steel clamping plates 10 and 12, and end contact ele- 
ments 1 4 and 1 6. The end contact elements 1 4 and 1 6. as well as ttie bipolar plate 8. contain a plurality of grooves and 
openings 18, 20. 22. and 24 for distributing fuel and oxidant gases (i.a, H2 & O2) to the MEAs 4 and 6. Nonconductlve 
gaskets 26. 28. 30. and 32 provide seals and electrical insulation between the several components of the fuel ceO stack 
Gas permeable carbon/graphite diffusion papers 34. 36, 38 and 40 press up against the electrode faces of the MEAs 4 
and 6. The end contact elements 14 and 1 6 press up against the carbon^graphite papers 34 and 40 respectively, while 
the bipolar plate 8 presses up against the carbon/graphite paper 36 on the anode fece of MEA 4. and against car- 
bon/graphite paper 38 on the cattH3de toe of MEA a Oxygen is supp&ed to the cathode side of tiie fuel cell stack from 
storage tank 46 via appreciate supply plumbing 42, while hydrogen is supplied to the anode side of the fuel cell from 
storage tank 48, via appropriate supply plumbing 44. Alternatively, air may be suppOed to the cathode side from tiie 
ambiwit and hydrogen to ttie anode from a methanol or gasoline reformer or the like. Exhaust plumbing (not shown) for 
botti ttie Hj and 02/9sr skies of the MEAs will also be provkled. Additional plumbing 50, 52 and 54 is provkied fbr sup- 
plying liquM coolant to the bipolar plate 8 and end plates 14 and 16. Appropriate plumbing for exhausting coolant from 
tile plate 6 and end plates 14 and 16 is also provided, but not shown. 

[0011] Figure 2A is an isometric, expkxfed view of a bipolar plate 56 conprising a first exterior metal sheet 58, a 
second exterior metal sheet 60, and an interior spacer metal sheet 62 interjacent the first metal sheet 58 and the sec- 
ond metal sheet 60. The exterior metal sheets 58 and 60 are made as thin as possible (ag.. about 0.002 - 0.02 inches 
tiilck), and may be fbnmed by stamping, by photo etching (I.e., through a photolithographic mask) or any other conven- 
tional process for shaping sheet metal. The external sheets 58 and 60 are fbnned so as to provide a plurality of lands 
64 which defffie therebetween a ptUraGty of grooves 66 through which the fuel ceirs reactant gases (i.a, Hg or 0^ fkMr 
in a tortuous path from one side 68 of the bipolar plate to the other side 70 thereof. When tiie fuel cell is fiilly assembled. 
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the lands 64 press against the caibon/gmphite papers 36 or 38 (see Figure 1) which, in turn, press against the MEAs 
4 and 6 respectively. Fbr drafting simplicity, Rgure 2A depicts only two arrays of lands and grooves. In reality, the lands 
and grooves will cover the entire external faces of the metat sheets 58 and 60 that engage the cart)on/graphite papers 
36 and 38. The readant gas is supplied to grooves 66 from a header or manifold groove 72 that lies along one side 68 

5 of the fuel cell, and exits the grooves 66 via another header/nianifold groove 74^ side 70 

of the fuel cdl. As best shown in figure 3, the underside of the sheet 58 Indudes a plurality of ridges 76 which define 
therebetween a plurality of channels 78 through whitih ooolant passes during the operation of the fuel cell. As shown in 
Rgure 3, a coolant channel 78 underlies each land 64 while a readant gas groove 66 underlies each ridge 76. 
[0012] Metal sheet 60 is sin^lar to sheet 58. The internal (i.a, coolant side) of sheet 60 is shown In Figure 2. In this 

10 regard, there Is depided a plurality of ridges 80 defining therebetween a plurality of channels 82 through which ooolant 
flows from one side 69 of the b^olar plate to the other 71. Uke sheet 58 and as best shown in Rgure 3, the external 
side of the sheet 60 will have a plurality of lands 84 thereon defining a plurafity of grooves 86 through which the readant 
gases pass. An interior metal spacer sheet 62 Is positioned interjacent the exterior sheets 58 and 60 and Indudes a 
plurality of apertures 88 therein to permit coolant to flow between the channels 82 in sheet 60 and the channels 78 in 

15 the sheet 58 ther^ breaking laminar boundary layers and affording turbulence, and hence more effective heat 
exchange with the inside faces 90 and 92 of the exterior sheets 58 and 60 respectively. 

[001 3] Rgure 4 is a magnified view of a portion of Rgure 3 and shows the ridges 76 on the first sheet 58. and the 
ridges 80 on ^e second sheet 60 glued to the spacer sheet 62 tiy contysion-resistant. electrically conductive adhesive 
85, wh ich will be discussed in nrnre detail hereinafter. In the embodiments shown in Rgures 2-4, tne exterior sheets 58 
so ancfio and spacer sheet 62 are made entirely of a conosion-resistant metal (e.g.. titanium) but other electrically con- 
ductive, corrosion resistant materials (e.g.. carfson a graphite) may also be used. 

[0014] Rgure 5 depicts an alternative embodiment of the present invention. More specifically. Rgure 5 depicts a 
first metal sheet 89 glued directly (i e.. without an intennediate spacer sheet) to a second metal sheet 87 via a plurality 
o f conductive ioints 90. T he sheets 89 and 87 are themselves composites which comprise a substrate metal 91 and 92 

2S having an outer tayer (ag.. a dadding or coating) 94 and 95 respectively thereon. The substrate metal 91 . 92 may be a 
oorrosion-suscepl^e metal such as aluminum, while the outer ooatl ng/dadding 94. 98 will comprise a oonductiv q. cor- 
rosion-resistant material (ag.. titanium. staWess steel, chromium, tifihium nitrkJe, caitxjn eta). Ln thls emoodimem. oTe 
dad/coated metal sheets 86 and 88 are corrugated, as t>y stamping, so as to provide lands 98 and 100, which define a 
plurality of grooves 1 02 and 1 04 for distributing the readant gases across the faces of the MEAs. Corrugating also pro- 

30 vides a plurality of ridges 103 and 1 0S which, in turn, define a plurality of channels 106 and 1 08 through which codant 
flows. 

[001 5] Rgure 6 is still another embodiment of the present invention. Rgure 6 dei^ds a first corrosion-resistant exte- 
rior metal sheet 110 having a pturality of lands 112 thereon defining a plurality of grooves 1 14 thereon through which a 
readant gas is distributed across the face of the MEA associated therewith. Slntilarty. a second corrosion-resistant 
35 metal sheet 1 16 has a plurality of lands 1 1 8 defining a plurality of grooves 1 20 fbr distributing readant gas across the 
MEA associated therewith. The first and second sheets 1 10 and 1 16 are separated from each other by a con'ugated 
perforated metal separator sheet 122 which is glued to the first and second sheets 1 1 0 and 1 1 6 at the several conduc- 
tive adhesive joints 124. 

[0016] In accordance with the present invention, the several sheets are gtued together at a plurality of oxide-free 
40 sites vi a a corrosion-resistant, eledrically-oondudive adhesiva Eledricalty-conductive adhesive, perse, are Known iq 
jhe art and are commerdally available. As part of the present invention, all oxides are renxaved from the surfaces <rf 
metal sheets at the sites where gluing isTo occur in order to create as low resistance electrical connectio n as is possMe 
Hietween the sheets and the adhesive. Nonmetailic sheets (ag., graphite) do not require oxide removal. The adh^B, 
' like the sheets themselves, is subs^rially insoluble in the ooolant flowing between the sheets 58 and 60 in that the par- 
45 tides therein win not dissolve and contribute metallic ions to the coolant which causes the otheiwise substantially die- 
lectric (i.a, resistivity greater than about 200,000 ohm-cm) coolant to become inordinately conductive. When the 
coolant becomes ponductive. stray currents flow through out the stack via the coolant and short drcuiting, galvanic cor- 
rosion and coolant electrolysis can occur. Rller metal partides are considered to be substantially insoluble if their sol- 
ublGty in the coolant over tima does not cause the coolant's resistivity to drop below about 200.000 ohm-cm. Hence 
50 when water is used as the coolant metals such as copper, aluminum, tin. zinc and lead ale to be avoided, or completely 
encapsulated in the adhesive resin. 

[001 7] To effect gluing in accordance with the present invention, metal sheets are d eaned (ag., by abrading and/or 
chemically etching) to remove all surface oxides and other contaminants from the sites where adhesive is to be applied. 
In the embodiment shown in Rgure 2A and Rgure 2C, conductive adhesive 1 26 is applied to both faces of the spacer 
5S Sheet 62. vi/hile beadfi 128 130 and 132 of sealant areap plied tfdund m pmmydt m mw 58 lind 'aTaria" 
around the openings 134, 136 and 183 wnich romi H2 and air maniidlds for tne stack I lie ^lant 128. 13U. and 132 
may be electoically conductive, but need not be, and senres to keep coolant from leaking into the readants (and vice 
versa) or to the outskle of the stack Suitable nonconductive sealants indude moisture^red silioones (ag., LOCTITE™ 
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5900) or catalyzed two-part urethanes {e.g.. URALANE"" 5773) which are high elongation, (ow modulus materials 
NgMy resistant to deionized water, hydrogen and mod adds up to 1 50"C. The sealants are applied as beads sufftdenUy 
thick {e.g., about 1-2 mm) tofiD gaps ranging from about 0.05 mm to about 0.25 mm. The conductive adhesive 126 mc^ 
be brushed, dabbed, spr^ed or rolled onto the sheets, but confined to ^es where gluing is to occur. Preferably, a mask 

5 is first applied to the sheets with openings therein at the sites where gluing is to occur. The glue is then applied through 
ttie openings in the mask The conductive adhesive is applied to a thickness of about 0.001 to about 0.002 inches. The 
sheets are sandwiched together in a suitable fixture that applies uniform pressure acmss the sheets, and then heated 
in a hot press to cure the poiymer matrix material . The precise curing temperature and time will vary depending on the 
chemical composition of the odlvmer matrix material. The conductive adhesive may also be used to coat the enfire heat 

10 exchange lieces to provide corrosion prolection ttterefar. r ^mmm^n .r 

iPtHfir"** IrTa^nfiiiEe wSffi a preferred efT<)Sre'mofiie present invention, the exterior and separator sheets com- 
prise Grade 2 titanium, and the conductive adhesive comprises (1) about 20% to about 40%. by volume, conductive 
filler particles having a particle size varying between about 10 niicrons^^foaJSouf ou microns, and (2) a pdymer rna trix 
oonMSPg J thennally aired one^wrt epocy- Alty natively. a,patarvze;d^^^^^ q sthe inj^ti;ix. . ApaH 

IS larly suitable imt eriaTcSmprises apout 25 ty vi5iflnft^^ oartides in an ^Sy polymer rnafajand ts pre-^ 
Ifgfgd um m m ore experi siye riopel metal filled poiymers. An alternative adhesive comprises about 30%. by volunie. 
'^iverpaiViiiiTn'an epoxy polymer nS&tx andrSToommercially available under the trade name Master Bond Poiymer 
System Supreme 1 0 HTS soki by Master Bond. Inc. of Hachensak, N. J. In general, the adhesive wflJ be higNy resistant 
to hydrogen and mild acids (HP @ pH 3-4). and inert to (i-e.. release no ions) to solvents such as deionized water, eth- 

20 ylene glycol and methanol at 1 00**C. 

[0019] Prior to gluing, the titanium sheets are chemjcaily cleaned by (1) degreasing with methyl-ethyt-ketone. and 
(2) pIckeGng fbr 2 • 5 ntinutes in a solution comprising (a) 40% nitric add. (b) 2% - 5 % hydrofluoric add. (c) 4 grams/gal- 
lon of ammonium bif louride. and water. Alternatively, the sheets may be physically cleaned by abrading the surfaces 
with 100 to 220 grit abrasive followed by cleaning and degreasing with acetone. For t he one-part e pox y syst« n.>jba^ 

ss assorJUy is JM the 
I^OTibiy is presised Ibr sbout 30 rninutesj^^^ ^'C. 
10020] OectiicsJresistar)cemeiasur 

The plates were abraded using 100 grit abrasiva to remove coddes followed by acetone clearting and degreasing. Plates 
were then assembled using: (1) Master Bond 10 HTS sHver-epoxy conductive adhesive; and (2) a prototype graphite- 

so epoxy conductive adhesive. A similar set of plates were assembled with the graphlte-epoxy. but without abrading with 
the 100 grit abrasive. The bqE>olar plates were then assembled into a simulated fuel ceil conplete with aQ the essential 
components thereof except the ME A. eo^C water was drculated for 1 20 hours through the coolant channels in the bipo- 
lar plates to simulate normal operating conditions and to permit evaluation of any degradation of the adhesives due to 
exposure to the water. Electrical current ranging from 50 to 500 amps was passed through the assembly, and voltage 

35 drops across the bond lines C.e., where the adhesive was appGed) of the bipolar plates was measured, both before and 
alter the hot water drculation. The results of those tests are shown In IbUe I. 
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[0021] These data show that plates assembled without removing the oxida layer on the surface have unacceptable 
resistance both Initially and after exposure to the heated water. 
55 [0022] The initial condition of both the silver-epoxy and graphlte-epoxy adhesives (i.a. with oxide removal) showed 
resistances well within acceptable levels (i.e.. less than about 1 ohm-cm). Likewise, while the resistance of the sOver- 
-epoqr and graphlte-epoiqr did rise when exposed to the hot water, their resistances are still well within the acceptable 
levels for this application. 
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[OOZq WhOe the invention has been described In terms of certain specific entedlments thereof It is not intended 
to be iimited thereto but rather only to the extent set forth hereafter in the claims which fbHow. 

Qalms 

1. A Dquid-cooled, tjxpoHar plata for separating acQaoent first and second cells of a PEM fuel cell and for conducting 
electric current between said cells, said ptate comprising: (1) afust corrosion-resistant sheet having an anode^xui* 
fronting tee and a first heat exchange lace; (2) a second corrosion-resistant sheet having a cathode-confronting 
face and a second heat exchange face; and (3) said first and second heat exchange faces (a) confronting each 
other so as to def me therebetween a coolant flow passage adapted to receive a liquid coolant and (b) being elec- 
trically coupled to each other at a plurality of sites via an electrically conductive adheslvg conTPris i np a^glun^ 
corrosion-resistant conductive particles dispersed throughout a polymeric matrix and having a resistivity no greater 
, man aoout 1 ohnhcm. 



2. A plate according to daim 1 wherein said First and second sheets are bonded directly to each other by said adhe- 
8iv& 

3. A plate according to dalm 1 wherein said first and second sheets are separated from each other tsy a separator 
sheet which is bonded to said f ffst and second sheets by said adhesive. 

4. A plate according to claim 3 wherein said separator sheet partitions said coolant flow passage into a phirality of flow 
channels. 

5. A plate according to daim 4 wherein said separator sheet is perforated to permit said coolant to move back and 
forth between flow channels on opposite sides of said separator sheet 

6. A bipolar plate aooordng to dam 1 wherein said partldes are selected from the group consls ling of silver, g old. 
rfekel. platinum, graphite, carbon, nickel plated graphite and nickel plated carbon. ^ 

7. A bipolar plate according to claim 1 wherein said polymeric matrix is selected from the group consisting of epaxJes. 

acryfics^enote^^ '^""^^ 

8. A liquid-cooled, bipolar plate fbr separatirig ac^acent fust and second ceils of a PEM fuel cell and for conducting 
electric current between saM cells, said plate comprising: (1) a first con'osion-resistant sheet having a hydiogen- 
confmnling face comprising a plurality of first lands defining a plurality of first grooves for distnbuting hydrogen to 
said first cell, and a first heat exchange face comprising a plurality of ridges defining a plurafity of first channels for 
flowing a liquid codant across said first heat exchange face; (2) a second oonvsion-resistant sheet having an oxy- 
gen-ccmfronting face conr^rising a plurality of second lands defining a pluraGty of second grooves for distributing 
oxygen to said second cell, and a second heat exchange face comprising a plurality of second ridges defining a 
plurafity of second channels for flowing said coolant across said second heat exchange face; and (3) said first and 
second heat exchange faces confironting each other and bdng electrically coupled to each other at a plurality of 
sites on said ridges via an electrically conductive adhesive comprising a plurality of condudiva partldes dispersed 
throughout a polymeric matrix and having a resistivity no greater than about 1 ohm^. 

9. A plate according to daim 6 wherein said ridges of sakf first and second sheets are bonded directly to each other 
by isakJ adhesive. 

1 0. A plate according to claim 8 Wherein sakJ first and second sheets are separated from each other by a separator 
sheet which is bonded to said first and second sheets k)y said adhesive. 

1 1. A plate according to daim B wherein said first and second sheets comprise a material selected ton the grt)up con- 
sisting ofmetals>caibon. graphite and polymer-bonded carton or graphite. 
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